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(54) Plasma guard for use in a vacuum process chamber 



(57) The disclosure relates to a plasma guard mem- 
ber (26) in the form of a flat concentric ring in a vacuum 
process chamber (10) equipped with a plasma reaction 
chamber (16), a plasma source (12), and a lower cham- 
ber. The chamber houses an electrostatic chuck (14) for 



preventing charged particles from drifting or diffusing to 
the lower chamber into contact the electrostatic chuck 
such that the substrate holding capability of the chuck 
is not adversely affected. 
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Description 



The present inventiongenerally relates to a vacuum 
chamber for etching or deposition and more part«uterty 
relates toaplasma guard installed in a vacuum chamber 
eXed L a ptesma source and electrostatic 
chuck for protecting the chuck from the adverse effect 
of the charged particles. 

In the continuing miniaturization of semiconductor 
devices, one of the keys to shrinking device geometnes 
is the ability to construct very dense contact or intercon- 
nect structures such as that'used In a multi-level metal- 
lization schemes. The critical processing *ep 'nvotves 
etching the contacts and interconnects to a dimension 
as small as 0.35pm or even 0.25pm in diameter in ap- 
plications for a 64 or 256 megabit DRAMs or other high- 
density logic devices. To fully implement this process, 
high selectivity of oxide to the underlying polysilicon or 
alfcida is a key requirement. A high-density plasma . tch 
process utilizing a fluorine chemistry is ideal for this high 
selectivity etch process. A suitable equipment to be 
used fol this process is supplied by the Applied Materi- 
als Inc of Santa Clara, California under the tradename 
of Centura Omega dielectric etch system. For instance, 
an oxide etch process can be performed in such an 
. equipmentbyetching8.000Ato12.000Aofdopedpx.de 

down to a nitride layer. The etch step uses a well-char- 
acterized C 2 F 6 or C 3 F 8 chemistry to etch the oxKie and 
stopping at the nitride layer. In order to avoid or to min- 
imize a polymer film deposition during the etch process, 
a high density plasma source powered by a 2 ! MHz : RF 
signal is used. The source generates an ion density of 
about 1 x 1012 cm -3. Free fluorine atoms are removed 
or scavenged from the reaction chamber through the 
use of a heated silicon top plate. 

in a modem etch chamber, the electrostatic wafer 
holding technology is frequently employed in v^ich^ 
electrostatic chuck electrically attractsand holds the wa- 
fer Collins et al. describes such an electrostatic chuck 
in European Patent Application 601 .788 A2. It b a highly 
desirable technique in the vacuum handling and 
processing of silicon wafers. In contrast to the conven- 
tional methods of holding wafers by either gravity or me- 
chanical clamping where only slow movement is al- 
lowed during wafer handling, an electrostatic wafer 
holding device or an electrostatic chuck can hold wafers 
with a force equivalent to several tens of torr pressure. 
Since there are no moving parts acting on the wafer, 
there are no particle generation or contamination prob- 

lemS Furthermore. in a conventional mechanical clamp- 
ing system, since clamping is effected around the pe- 
ripheral of the wafer, special provisions must be made 
to compensate for the bowing at the center of the wafer 
caused by the pressure of cooling gas pumped in be- 
tween the wafer and the pedestal supporting and cool- 
ing the wafer. In one solution, the pedestal is domed or 
bowed to match the wafer bowing. This requirement is 



eliminated in an electrostatic chuck wherein th .wafer 
is held on a substantially planar chuck surface with an 
even force distributed according to the electrode layout 
The electrostatic force is sufficient to prevent bow** of 
5 the wafer which also promotes uniform heat transfer 
over the entire wafer surface. In the normal operation of 
an electrostatic chuck, one or more electrodes formed 
in the chuck induce an electrostatic charge on the sur- 
face of a dielectric material formed over .the chuck e\ec- 
10 trode and other portions of the metal wafer support thai 
is facing the wafer, i.e.. between the bottom surface of 
the wafer and the facing surface of the underly.ng metal. 
A typical dielectric material suitable for such purpose » 
potyimide although other materials are being investigat- 

' 5 An electrostatic chuck is especially suited for proc- 
esses in which the substrate is RF biased for a plasma- 
enhanced process, for instance, a high-density plasma 
process used in SiCv, etching. To achieve uniform parti- 
20 cle energy and flux to the substrate being Pressed in 
atypical high-density plasma reactor, it is required that 
the RF bias energy be uniformly coupled through the 
substrate being processed to the plasma. An , RF bias 
energy is applied to the chuck on which a substrate is 
» held such that aconstant plasma sheath voltageacross 
the surface of the substrate car^be_ac_hieved. 
" " " irTaVacu^nTchamber equipped with a high-density 
plasma source and an electrostatic chuck, problems 
sometimes arise in the operation of the chuck. High den- 
so sity plasma has a short debye length and consequently 
very small sheaths that form at boundaries of objects 
placed in the plasma The debye length is defined as 
the distance from the plasma at which the electron den- 
sity drops to 1/e of the density in the bulk plasma. It * 
35 proportional to the square root of the (electron temper- 
ature divided by the electron density). In a high densrty 
plasma, atypical electron temperature is low, i.e.. on the 
order of a few eV while the electron densrty is high. i.e.. 
on the order of 10" ~ 10** electrons per cubic centim- 
40 eter. This results in a small debye length, i.e.. on the 
order of tenths of a millimeter. Gaps larger than a few 
debye lengths may either undergo a gas breakdown or 
the plasma may be extracted into such sufficiently large 



45 In order to avoid the voltage on the electrode of the 
electrostatic chuck to be influenced by the plasma, the 
electrode positioned in the plasma chamber must be 
isolated from the plasma. In a typical un.polar electro- 
static chuck positioned in a high densrty plasma envi- 
60 ronment. the electrode which is isolated from the plasma 
has a voltage applied to it with respect to a ground ref- 
erence. The wafer is referenced back to the same 
ground reference by the plasma. The effective voltage 
for the electrostatic clamping of the wafer is then the 
55 voltage which appears across the electrostatic chuck d - 
electric between the isolated electrode and the wafer. 
The voltage applied to the isolated electrode may be 
positive or negative with respect to the chamber ground. 
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be avoided. An overlap of at least 2.5 mm along Ihe out- 
er peripheral edge of the substrate and the inner periph- 
eral edge of the guard in the radial direction is desirable 
to insure the sealing effect of the guard. 
5 Other objects, features and advantages of the 
present invention will become apparent upon consider- 
ation of the specification and the appended drawings, 
in which: 

Figure 1 is a cross-sectional view of a vacuum 
10 chamber equipped with a plasma source and an elec- 
trostatic chuck. 

Figure 2 is a perspective view of the various com- 
ponents that comprise the vacuum chamber. 

Figure 3 is an enlarged partial cross-sectional view 
is showing the present invention plasma guard in relation 
to the substrate and the electrostatic chuck. 

The present invention provides an improved vacu- 
um chamber for etching, deposition, or other processes 
that is equipped with a plasma source and an electro- 
20 static chuck wherein the chamber is further equipped 
with a plasma guard member such that the substrate 
holding efficiency of the electrostatic chuck is not ad- 
versely affected by the charged particles which would 
otherwise drift or diffuse from the plasma reaction cham- 
25 ber. 

ReferringMnitially to Figure 1, there is showjpra 



however, the electrostatic force depends on the alge- 
braic difference between the wafer and the isolated 
electrode. 

When the gaps around an electrostatic chuck ex- 
ceed several debye lengths, plasma may either be gen- 
erated in such gaps or may be extracted into such gaps. 
When plasma contacts the electrostatic chuck imperfect 
dielectric or the eiectrostatic chuck electrode, a current 
may flow between the electrostatic chuck and the plas- 
ma. Due to a non-zero output impedance of the electro- • 
static chuck voltage source, the voltage at the electro- 
static chuck electrode is affected. Typically, the magni- 
tude of the electrostatic chuck voltage is reduced when 
a current flows between the chuck and the plasma and 
thus reducing the electrostatic force. The solution to the 
problem according to the invention is to shield the ele c- 
trostat ic chuck from the high density plasma by limitin g 
gaps between the chuck and a plasma guard ring to le ss 
tha n several debve iengths . Pl asmaJs prevented from 
bein g generated in such gaps or being extracted into the 
gaps . 

it is therefore an object of the present invention to 
provide a plasma guard ring that can be installed in a 
vacuum chamber to isolate the upper chamber, i.e., the 
plasma reaction chamber from the low chamber that 
houses the electrostatic chuck to prevent charged par- 
ticles from drifting or diffusing into the lower chamber. 

It is another object of the present invention to pro- 
vide a plasma guard ring that can be used to isolate a 
plasma reaction chamber from other chamber hardware 
and that can be easily installed without any major mod- 
ification of the chamber hardware. 

In accordance with the present invention, a plasma 
guard member is installed in a vacuum chamber 
equipped with a plasma source and an electrostatic 
chuck to prevent charged particles from drifting or dif- 
fusing to outside of the plasma reaction region overlying 
the electrostatic chuck and to adversely affect chamber 
hardware. 

In a preferred embodiment, a plasma guard mem- 
ber in the configuration of at least one flat concentric 
ring is installed as part of the chamber hardware be- 
tween the electrostatic chuck and the plasma reaction 
chamber such that charged particles cannot escape out- 
side of the reaction region to adversely affect the elec- 
trostatic chuck. The modification to a vacuum chamber 
can be easily made by the installation of either a single 
or a multiple number of plasma guards. The guards can 
be made of any suitable materials that can withstand 
high temperature exposures while maintaining its 
strength without generating contaminating particles. 
Suitable materials to b e used can be such as quartz, 
silicon, IS flicon carbidet and silicon nitride or any other 
high heat and high strength materials. The guard is typ- 
ically made of a brittle material and therefore a gap of 
up to 375 ujn should be maintained between the surfac- 
es of the guard and the substrate such that any break- 
age of the guard and particles generated therefrom can 



rrrn-i nrrtionnl vinwnf nj^fpirfil HacourecbaflabflC Iflfor 
a n etcher equipped with a coil anten na 12 actincLa&ja ^ 
p lasma source and an electrostatic chuck 14. A plasma 
30 reaction region 16 is formed by a silicon ceiling block 
18, a dome sidewall 20, a chamber wall liner 22 an d the 
elec trostatic chuck 14. The dome sidewall 20 and the 
chamber wall liner 22 are normally made of a quartz ma- 
terial. The chamber wail liner 22 has an opening 24 
35 (shown in dotted line) to allow the passage of a waf er 
paddle for loading and unloading substrates (or wafers). 
Inside the chamber wall liner 22, plasma guards 26 hav- 
ing the configuration of flat concentric rings are posi- 
tioned by lift pins 28. The pins 28 lift the guard 26 away 
40 from the wafer 34 and th e jslectrostp tfr stmshs 1 * whqp 
the wafer is being transported to or from the chuc k. 

The electrostatic chuck 1 4 has a multiplicity of cool- 
ing gas channels 30 provided at its top surface 32. The 
cooling gas channels 30 are used to circulate a thermal 
45 transfer gas such as helium at a pressure between 5 to 
30 torr at the bottom side of wafer 34 for transferring 
heat from the wafer to the water-cooled chuck 14 during 
the etching process. The feed lines for the cooling gas 
to the channel 30 are not shown. The chuck 1 4 is aligned 
so by an electrostatic chuck collar 56. The collar 56 can be 
made out of silicon, quartz or silicon carbide. The height 
of ledge 68 of the collar 56 is designed to provide a gap 
between the wafer 34 and the plasma guard 26. The 
etching gas is fed into the chamber through gas inlets 
ss 38. A thermocouple 40 is mounted on top of the silicon 
block 18 for controlling temperature. 

A perspective view of the essential parts surround- 
ing the plasma reaction region 16 is shown in Figure 2. 
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The silicon ceiling block 18 forms the top boundary of 
the reaction region 16 and rests on the dome sidewall 
20 and the chamber wall liner 22, which bridges the gap 
between the top surface 32 of the electrostatic chuck 1 4 
and the side of the chamber wall liner 22 to form the s 
chamber interior. A multiplicity of lift pin guides 42 in- 
serted in the chuck 1 4 are used to guide the lift pins 36. 
A set of four wafer lift pins 36 is frequently used. The 
plasma guard 26 rests on the electrostatic chuck collar 
56 and is positioned in place by lift pins 28 and 66. An 10 
opening 46 in the chamber wall liner 22 is used to evac- 
uate spent gas from the chamber. A chute 48 connected 
to the chamber wall liner 22 at the paddle opening 24 
surrounds the passage is used to load or unload wafers 
from chamber 16. 16 

The loading of a £ waf er 34 into the chamber 16 can 
be described as follows: first the wafer lift pins 36 are 
down and the plasma guard lift pins 23 and 66 are up 
for the chamber to accept a wafer 34. A robot blade (not 
shown) transfers wafer 34 into the chamber 1 6. The wa- 20 
fer lift pins 36 lift the wafer 34 off the robot blade. The 
wafer lift pins 36 and the plasma guard lift pins 28 and 
66 are lowered at the same time; this lowers the wafer 
to the electrostatic chuck 14, and the plasma guard 26 
onto the electrostatic chuck collar 56. The wafer 34 is 2s 
. then processed . -The plasma guard. lift .pios_28.andJ56 
are again raised and the wafer 34 is dechucked from the 
electrostatic chuck 14. The lift pins 36 raise the wafer 
34 from the electrostatic chuck and then, the robot en- 
ters the chamber 1 6 to remove the wafer 34. 30 

A detailed enlarged partial sectional view of the 
pla sma guard 26 and the electrostatic chuck 14 ar e 
sho wn in Figure 3. Th e plasma guard 26 shown in Figu re 
3 co nsists of two flat concentric rings 46 and 48 . In this 
combination, the top ring 46 is made of a silicon material 35 
while the bottom ring 48 is made of a quartz material. 
The thickness of the ring is in the range of between 2 
and 6 mm. The outside diameter of the ring is approxi- 
mately 273 mm, while the inside diameter depends on 
the size of the wafer processed. The_ j|asma guard 26 <o 
is design ed to have a surface conform ing) to the flats or 
not ches of a wafe r. It is lifted by a lift spider 60, which is 
actuated by a pneumatic lift bellows assembly 58. 

(It should be noted that a gap 50 of no higher th an 
37 5 11m should be maintain edbetween \t\e bottom sur- 45 
f a^fi 5? p f the bottom ring 48 and the top surface 54 of 
wafer 34 . The gap is provided by the height of ledge 68 
of the electrostatic chuck collar 56. The gap is desirable 
such that there is no direct contact between the ring 48 
and the wafer 34, which are both made of very brittle so 
materials. Maintaining a SM ttahla gap .hfffao/Aftn fh*? rin fl 
and the wafer eliminates the possibility of any breakage 
in ei ther part and thq resulting generation of contam i- 
natirj^aitidas. The gap should be small enough such 
that charged particles cannot travel through the gap to ss 
reach the lower chamber. Therefore, the gap should be 
no greater than 1—3 debye length. 

The inner diameter (that is, the diameter of the cen- 



tral hole) of plasma guard 26 is smaller than the diam- 
eter of wafer 34 by approximately 2.5 mm or more. Tftis 
overla pped peripheral area insures that charged par t i- 
cles f rom the reaction region 16 do not drift, diffuseo r 
gftrwqffi through the pap 50 to adversely affect on th e 
electrostatic chuqkJlA. 

It should be noted that while plasma guard 26 
shown in Figure 3 consists of two plasma guard rings 
46 and 48, any suitable combinations of rings or asinole 
rin g can be used in the present invention . The materials 
chosen for the plasma guard ring should have high heat 
endurance and high strength. 

During an etching process, the plasma guard is nor- 
mally heated by the heating source of the chamber to a 
temperature of over 1 50° C to avoid the formation of pol- 
ymer films on its surfaces. Asuitable combination of ma- 
terials is quartz and silicon as that shown in Figure 3. 
Other suitable materials include silicon carbide (99.9% 
pure) and silicon nitride (99.9% pure) or any other high 
heat and high strength materials. The requirement that 
the plasma guard material must not produce any particle 
contamination in the reaction chamber should be satis- 
fied. The plasma guard 26 is positioned in place by a 
multiplicity of lift pins 28 and 66. The lift pins 28 have 
locating pins 64 above a stepped surface 62 to locate 
the plasm a gu ard 26 whil e lift pi ns 66 do not hav e such 
stepped surface. In most instances, four of these lift pins 
23 and 66 adequately position the plasma guard in 
place. 

While the present invention has been described in 
an illustrative manner, it should be understood that the 
terminology used is intended to be in a nature of words 
of description rather than of limitation. 

Furthermore, while the present invention has been 
described in terms of a preferred embodiment thereof, 
it is to be appreciated that those skilled in the art will 
readily apply these teachings to other possible varia- 
tions of the invention. 

The embodiments of the invention in which an ex- 
clusive property or privilege is claimed are defined as 
follows: 



Claims 

1 . A plasma guard member for use in a vacuum proc- 
ess chamber equipped with a plasma reaction 
chamber, a plasma source and not a water clamp 
for preventing charged particles from reaching the 
outside of the plasma reaction chamber comprising 
at least one concentric ring member mounted j ux- 
taposed to^acjdoverlaps a s©^iTOn9uclb7siib^rate 
otherwise heldirTpliace onlTsubstrate holder. 

2. A plasma guard member according to claim 1, 
wherein a gap smaller than 375 um is maintained 
between the plasma guard member and the semi- 
conductor substrate. 
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3. A plasma guard member according to claim 1, 
wherein said at least one concentric ring member 
being made of a high heat and high strength mate- 
rial such that substantially no particle is generated 
to contaminate said chamber. 

4. A vacuum process chamber for a semiconductor 
substrate comprising: 

a plasma source capable of generating 
charged particles of an active gas, 
an electrostatic chuck for electrostatically hold- 
ing a semiconductor substrate thereon, 
at least one plasma guard member positioned 
juxtaposed to and overlapping said semicon- 
ductor substrate, 

whereby said at least one plasma guard mem- 
ber prevents the charged particles of said 
active gas from contacting said electrostatic 
chuck. 

5. A vacuum process chamber for a semiconductor 
substrate according to claim 4, wherein said cham- 
ber is selected from the group consisting of an etch 
chamber, a CVD chamber and a PVD chamber. 

6. A vacuum process chamber for a semiconductor 
substrate according to claim 4, wherein said cham- 
ber is an etch chamber. 

7. A vacuum process chamber for a semiconductor 
substrate according to claim 4, wherein said at least 
one plasma guard member comprises a concentric 
ring having a flat area on its top and bottom sur- 
faces. 

8. A vacuum process chamber for a semiconductor 
substrate according to claim 4, wherein said at least 
one plasma guard member being made of a mate- 
rial selected from the group consisting of silicon, 
quartz, silicon carbide and silicon nitride. 

9. A vacuum process chamber for processing semi- 
conductor substrates according to claim 4, wherein 
said at least one plasma guard member comprises 
a first concentric ring made of silicon and a second 
concentric ring made of quartz. 

10. A vacuum process chamber for processing semi- 
conductor substrates according to claim 4, wherein 
said at least one plasma guard member being posi- 
tioned juxtaposed to said semiconductor substrate 
further overlaps the edges of said semiconductor 
substrate by a minimum of 2.5mm in the radial 
direction. 



said at least one plasma guard member does not 
contact said semiconductor substrate. • 

12. A vacuum process chamber for processing semi- 
s conductor substrates according to claim 4, wherein 
said at least one plasma guard member maintains 
a gap that is smaller than 375 \im from said semi- 
conductor substrate. 

10 13. A vacuum process chamber for processing semi- 
conductor substrates according to claim 4, wherein 
said at least one plasma guard member maintains 
a gap that is smaller than 250 um from said semi- 
conductor substrate. 
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14. A vacuum process chamber for processing semi- 
conductor substrates according to claim 4, wherein 
said at least one plasma guard member maintains 
a gap smaller than three debye length from said 
semiconductor substrate. 

15. A vacuum process chamber for processing semi- 
conductor substrates according to claim 4, wherein 
said substrates are semiconductor wafers. 

1 6. A method of preventing charged particles from 
reaching chamber hardware outside of a plasma 
reaction region equipped with a plasma source and 
an electrostatic chuck for processing a semicon- 
ductor substrate comprising the steps of electro- 
statically attracting the substrate to a substrate sup- 
port; and overlapping at least one plasma guard 
member on a top peripheral surface of said semi- 
conductor substrate such that charged particles 
generated from said plasma source are prevented 
from contacting said chamber hardware outside 
said plasma reaction region. 

17. A method according to claim 16 further comprises 
the step of maintaining a distance between said at 
least one plasma guard member and said semicon- 
ductor substrate. 

18. A method according to claim 16, wherein said at 
least one plasma guard member is made of silicon 
or quartz. 



11. A vacuum process chamber for processing semi- 
conductor substrates according to claim 4, wherein 
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